Although various fracture mechanisms have been proposed for Al/SiC metal matrix composites(MMCs), no universal fracture mechanism has been observed experimentally. The fracture mechanism in an X8019 Al/SiC particulate MMC was studied using a scanning electron microscope. Six Clausing specimens were deformed to various strain levels across the range of 7% which was the average fracture strain determined from the baseline mechanical behavior established for this MMC. These specimens were then sectioned and prepared appropriately for observation under the SEM to determine the microscopic fracture mechanisms. Observations show that the failure mode in this X8019 Al/SiC particulate MMC is by the nucleation of voids by either fracture or decohesion from the matrix of 
INTRODUCTION
Interest in discontinuous Al/SiC metal matrix composite(MMC) materials has been aroused because of their increased strength and rigidity compared to the matrix alloy, their superior high temperature properties and ability to be produced by conventional metallurgical techniques. One significant drawback of these MMCs is their poor fracture toughness which has kindled a lot of interest in the understanding of their fracture behavior. A number of studies have been carried out to throw light on the fracture behavior of Al/SiC particulate composite materials and a variety of fracture mechanisms have been proposed based on observations (1) (2) (3) (4) (5) (6) . A recent study by Krishnadev et al.(l) showed that multiple mechanisms such as dimpling, particle pullout and particle/matrix debonding controlled the overall fracture behavior of aluminum matrix composites. Wu shows a schematic diagram of the Clausing specimen whose general deformation behavior is documented elsewhere (7, 8) . Before mechanical testing, the gage sections of these specimens were polished using #240, #320, #400 and #600 grit paper followed by 3 μπι and 1 μπι diamond paste to remove the effect of the surface layer left over from the EDM process. Four of these specimens were used to study and establish the baseline mechanical behavior of this X8019 Al/SiC MMC in separate experiments performed earlier(9). The percentage elongation for this material varied between 4.7% and 7.2% for the four specimens tested. The fracture surface for these specimens generally showed dimples resulting from smaller precipitate particles and larger SiC reinforcement particles (Fig. 2a-b) . However, hardly any SiC particle fracture Table I ). Having established the range of failure strain of the X8019 Al/SiC MMC from the baseline tests(9), an attempt was made to study the failure mechanism in this material. Six other Clausing specimens were used for this investigation.
Each of these six specimens were pulled to different strains in an Instron mechanical testing machine. These strains were chosen across the range of the average failure strain of the above MMC. Table II shows the values of strains to which the six specimens were deformed. The specimens were then sectioned as shown in Fig. 1 using a slow-speed diamond saw and then cleaned in an ultrasonic cleaner before observation of the gage section surface in the SEM.
This method of sectioning was used to preserve the existing microstructural features associated with the fracture process. These specimen sections were later mounted in bakelite and polished using #240, #320, #400 and #600 grit paper followed by 5 μπι and 3 μπι aluminum oxide powder. This polishing process was utilized to eliminate the effects of the slow-speed diamond saw during sectioning. The polished specimens were cleaned in an ultrasonic cleaner and then observed in a Cameca-SX SEM. The purpose of mounting and polishing these specimens was to obtain information about the fracture process from three other regions of the sectioned specimen as shown in Fig. 1: cross-sectional edge spot (site#l, region of plane stress), cross-sectional center spot (site#2, region of plane strain) and longitudinal section (site#3). The longitudinal section is expected to give important information of possible particle fracture or debonding because this is parallel to the major principal stress. For the specimens deformed to smaller strains, sectioning and polishing was expected to reveal mechanisms of fracture process initiation under observation in the SEM. Similar observations of the sectioned and polished specimens deformed to larger strains were expected to reveal progressively the modes of operation of these mechanisms at an advanced stage of the fracture process.
RESULTS AND DISCUSSION
Examination of the electron micrographs from the edge spots(corresponding to site #l) (Fig. 3a) shows Loading axis is perpendicular to the plane of the micrographs.
or microcracks. A number of microcracks resulting from the coalescence of voids are observed at a strain of ε = 0.066 (Fig. 3b ). An important feature to note is the lack of strong evidence of fracture of the large SiC particles. Also, at the largest strain value of 0.066, the longer cracks dominate the matrix, The SEM study conducted above gives important information on the mechanism of fracture in the X8019 Al/ 20 vol.% SiCp MMC. At lower strains, the micrographs indicate that void formation takes place as a result of both, FeAl3 particle fracture as well as decohesion of these particles from the matrix.
At slightly larger strains, these voids coalesce to form microcracks.
Simultaneously, voids are nucleated at the SiC particle-matrix interface, which, in turn, cause debonding of these particles from the matrix and subsequent pullout. This is evident in the fractographs (Figs. 2a-b ) where large dimples which originally contained the large SiC particles are seen. The presence of the smaller dimples along the walls of the large dimples gives credence to the fact that void nucleation occurred at the SiC particle-matrix interface also. The debonding process is aided by the nucleation of voids around the FeAl3 precipitates which are present at the SiC particle-matrix interface during the fabrication of these MMCs.
The microcracks formed in the matrix unite to form larger cracks. These cracks, then, follow paths of easy propagation along the debonded SiC particles. Since debonding as a result of void formation at the SiC particle-
